HIV testing services and research among drug users has largely focused on injection drug users (IDUs); yet noninjection drug users (NIDUs) are also at increased risk for HIV due to high-risk sexual behaviors and overlapping networks with IDUs. This study examined drug use, sexual risk, and social network characteristics associated with recent HIV testing (testing within past year) among NIDUs. Interviewer-administered questionnaires were conducted among 418 NIDUs and log-binomial regression models were used to identify correlates of recent HIV testing. Prevalence ratios (PR) with 95% confidence intervals (CI) were reported. Nearly 97% of NIDUs reported having ever been tested for HIV and most participants (85.7%) indicated testing for HIV within the past year. Factors independently associated with recent HIV testing were higher educational attainment (PR: 1.86; 95% CI: 1.03, 3.34) and networks to discuss health and medical services (PR: 1.84; 95% CI: 1.06, 1.20). A prior positive sexually transmitted infection was associated with decreased likelihood of recent HIV test (PR: 0.43; 95% CI 0.25, 0.74). Identifying specific social network characteristics may be effective in facilitating HIV testing and prevention strategies targeting NIDUs.
Introduction
Routine HIV testing is one of the hallmarks of the Centers for Disease Control and Prevention's (CDC) Advancing HIV Prevention (2003) Initiative. Prior studies have demonstrated that efforts to increase the number of individuals tested for HIV may potentially lead to the modification of high-risk sexual behaviors to reduce transmission, earlier diagnosis and treatment, and lower HIV/AIDS mortality (Weinhardt, Carey, Johnson, & Bickham, 1999; Wolitski, MacGowan, Higgins, & Jorgensen, 1997) . Furthermore, the availability of rapid HIV testing has improved access to and utilization of testing in clinical and nonclinical settings and has decreased waiting times for results (Bowles et al., 2008) . Despite the availability and relative ease of testing, approximately 25% of those infected with HIV in the USA are unaware of their status (Glynn & Rhodes, 2005; Greenwald, Burstein, Pincus, & Branson, 2006; Heimer, Grau, Curtin, Khoshnood, & Singer, 2007) . Moreover, a higher proportion of individuals who are unaware of their HIV status are high-risk illicit drug users (Strauss, Deren, Rindskopf, & Falkin, 2002) .
Injection drug use remains a significant risk factor for HIV transmission, although according to a recent CDC HIV Surveillance Report (2009), the proportion of HIV cases attributable to injection drug use has been declining. Interventions targeting injection drug users (IDUs) such as sterile syringe deregulation through expansion of syringe exchange programs and expanded syringe access in pharmacies have been largely credited for the substantial reductions (Des Jarlais and Semaan, 2008) . Moreover, the growth of these interventions has led to concomitant increases in services such as voluntary HIV counseling and testing (Des Jarlais et al., 2011) . Subsequently, HIV testing rates have increased among IDUs and some reports suggests higher testing rates among IDUs in comparison to the general population (Kellerman, Drake, Lansky, & Klevens, 2006) . While injection drug use has been an important driver of the HIV epidemic, HIV prevention and testing strategies targeting noninjection drug use, which is more common and typically associated with elevated sexual risk, has received less attention.
Recent studies suggest that HIV prevalence among noninjection drug users (NIDUs) is increasing (Des Jarlais & Semaan, 2009; Neaigus, Miller, Gyarmathy, & Friedman, 2011; Strathdee & Sherman, 2003) . Several researchers have demonstrated the importance of overlapping sexual partnerships between IDUs and NIDUs in understanding the trend (Howard & Latkin, 2006; Jenness, Neaigus, Hagan, Murrill, & Wendel, 2010) . Although sexual-risk reduction interventions targeting NIDUs and their sexual networks are emerging (Castor et al., 2010) , HIV testing patterns may additionally elucidate elevated HIV prevalence among NIDUs.
HIV testing research and prevention strategies have predominantly focused on IDUs (Heimer et al., 2007; Tobin, Tang, Gilbert, & Latkin, 2004) , where having ever been tested and recent HIV testing (i.e., within the past 12 months) has been associated with prior history of incarceration, a history of STIs, and addiction care (Samet, Mulvey, Zaremba, & Plough, 1999; Tobin et al., 2004) . Harm reduction interventions such as syringe exchange programs and concern about HIV exposure through injection drug use has also been association with recent HIV testing (Grella, Campos, & Anglin, 1998; Heimer et al., 2007; Porter, Metzger, & Scotti, 2002; Samet et al., 1999; Tobin et al., 2004) . Moreover, social network characteristics have been examined to further understand medical service utilization and HIV testing among IDUs (Knowlton, Hua, & Latkin, 2005; Tobin et al., 2004) . Mechanisms linking social support networks and HIV testing include access to resources, social influence, and interconnectedness (Latkin, Weeks, Glasman, Galletly, & Albarracin, 2010) . Specific aspects of networks, namely structural (e.g., network density, composition of network, total network size), functional (e.g., emotional or informational), and relational (e.g., personal and relationship characteristics of network members) components may be important for understanding HIV testing patterns (House, Kahn, McLeod, & Williams, 1985; Knowlton et al., 2005) . However, studies investigating these factors among high-risk NIDUs are limited.
Routine and frequent HIV testing plays a critical role in the early detection of new infections. Building a knowledge base for understanding factors that facilitate or impede HIV testing patterns is necessary to develop targeted interventions. This study examined the association between recent HIV testing and drug use, sexual risk, and social network characteristics among NIDUs.
Methods

Study population and recruitment
The data for these analyses were obtained from the Social Ties Associated with Risk of Transition into Injection Drug Use (or ''START'') study. START aims to determine the incidence of transition into injection drug use and seeks to identify risk factors (e.g., social network and social support characteristics) that may influence transition into injection drug use among young adult drug users in New York City (NYC). Details of the study are described in detail elsewhere (Rudolph et al., 2011) . Briefly, START is comprised of two components: (1) an 18-month prospective study of heroin, crack and/or cocaine NIDUs only; and (2) a cross-sectional survey of recent-onset heroin and/or cocaine IDUs only. Participants were recruited between July 2006 and June 2009 using a combination of targeted street outreach (TSO) in NYC neighborhoods ethnographically mapped as areas of high drug use activity and Respondent-Driven Sampling (RDS), which is increasingly used to sample hidden populations such as illicit drug users. NIDUs were eligible for the study if they were 18Á40 years of age and were current users of noninjectable heroin, crack, and/or cocaine (at least 2Á3 times per week). This analysis was limited to the baseline survey of NIDUs (N 0485). The study was approved by the Institutional Review Boards of Columbia University Mailman School of Public Health and the New York Academy of Medicine. All of the participants provided informed consent and were remunerated for their involvement in the study.
Measures
Interviewer-administered questionnaires were administered to eligible and consenting participants by trained study personnel. The questionnaire solicited information about socio-demographics, drug use and sexual risk behaviors, psychiatric conditions, and various social network characteristics. To measure HIV testing status, the following questions were asked: ''Have you ever been tested for HIV or AIDS?''; ''How many times have you been tested for HIV?''; ''When was the last time you were tested for HIV?''; ''What were the results?''; and, ''Have you been told by a health care professional that you had AIDS?'' The outcome for this study, recent HIV testing, was defined as whether or not a participant tested for HIV within the past 12 months.
The socio-demographic variables examined were age (continuous), gender, race/ethnicity (Hispanic, non-Hispanic black, and non-Hispanic white/other), educational attainment (high school diploma or AIDS Care 231 higher, no high school diploma or less), level of income ( $5000 or 5$5000), history of incarceration (yes, no), history of juvenile detention (yes, no), and lifetime experience of discrimination (yes, no). Drug use variables included use of heroin, cocaine, or crack (yes, no) within the past 12 months and lifetime history of drug treatment (yes, no). Sexual risk behaviors included sexual partnerships (same-gender or opposite-gender sexual partner), traded sex for money or drugs within past 12 months (yes, no), condom use within the past 12 months (100% use, B100% use), number of sexual partners within the past 12 months, and history of positive sexually transmitted disease test (yes, no).
Similar to prior research (Barrera, 1986; Knowlton & Larkin, 2007) , network characteristics were ascertained using a network inventory which asked for names or pseudonyms of members of the participant's social support, sexual and drug-sharing networks (Knowlton et al., 2005) . Network functional components, including emotional and informational support, were assessed within the past year. Emotional support was represented by the following question: ''Who could you talk to about personal or private matters?'' Informational support was ascertained using three questions that queried health source (''Who could you ask for advice about health care or medical services?''), drug use and harm reduction (''Who could you talk to about issues related to drug use, for example drug treatment or how to use drugs safely?''), and social services (''Who could you get information about social services like housing, welfare, or social security?''). A list of network members was generated by asking the aforementioned questions and the responses where dichotomized such that individuals who indicated at least one name were considered to have support and individuals who did not list a name were categorized as not having support. A structural network characteristic was operationalized as the total social network size within the past year. Relational aspects referred to relationship characteristics of network members, more specifically, the number of IDUs in network, and the number of sexual partners who are IDUs.
Statistical analysis
The final analytic sample was restricted to NIDUs who answered yes to ever having been tested for HIV, self-reported HIV status was negative, or tested positive within the past 12 months (N 0418). Descriptive statistics for socio-demographic background, drug use and treatment, sexual risk behaviors, and social network characteristics were stratified by recent HIV testing. To determine significant differences between recent and non-recent testers, t tests were used for continuous variables and chi-square tests for categorical variables. Inclusion of covariates selected for model building was based on reaching statistical significance in the bivariate analysis (pB0.05). The final models were reduced by manual stepwise elimination, where variables that reached statistical significance (pB0.05) were retained. Due to the limitations of reporting odds ratios when the outcome is common (Greenland, 1987; Spiegelman & Hertzmark, 2005) , log-binomial regression models were used to estimate prevalence ratios (PR) and 95% confidence intervals (CI) for the associations between HIV testing and sociodemographic, drug use, sexual-risk, and social network characteristics. All data management functions and statistical analyses were performed using SAS version 9.2.
Results
Table 1 presents descriptive characteristics of HIV testing among NIDUs. Nearly 97% of NIDUs reported having ever been tested for HIV. Of those who were tested, 10.6% reported an HIV seropositive status and 4.0% indicated receiving the first positive HIV test within the past 12 months.
Socio-demographic background, drug use and treatment, sexual risk behavior, and network characteristics of the sample are presented by recent HIV test ( Table 2 ). The sample of 418 NIDUs was predominantly male (71.1%), black (59.6%), or Hispanic (30.9%). In comparison to nonrecent testers, recent testers were more likely to have attained a high school degree or higher, history of positive STI test, and report having informational social support networks Correlates of recent HIV test were examined and the results from the unadjusted and adjusted models are presented in Table 3 . In the unadjusted models, high school education attainment (PR: 1.90; 95% CI: 1.15, 3.15), and having networks who discuss drug use and harm reduction (PR: 1.12; 95% CI: 1.03, 1.22), health and medical services (PR: 1.11; 95% CI: 1.02, 1.20), and social services (PR: 1.09; 95% CI: 1.01, 1.19) were associated with having an HIV test within the past 12 months. Individuals who had a history of prior positive STI (PR: 0.85; 95% CI: 0.74, 0.97) were less likely to have reported a recent HIV test. In the 
Discussion
In this sample of NIDUs, approximately 97% reported ever testing for HIV. Self-reported HIV testing within past 12 months (85.7%) was notably higher than recent testing reported among IDUs in prior studies. Variations in the prevalence of HIV testing among IDUs varied considerably depending upon area of recruitment, ranging from 54% from a sample recruited in Baltimore, Maryland (Tobin et al., 2004) to 78.5% recruited in New Haven, CT (Heimer et al., 2007) . Several studies have highlighted the role of community characteristics in shaping HIV testing behaviors (Johns, Bauermeister, & Zimmerman, 2010; Taylor, Leibowitz, Simon, & Grusky, 2006) . It is possible that macrolevel structures, including sociopolitical (i.e., policies allowing overthe-counter sales of sterile syringes) and economic factors which vary substantially by place, may influence material resources (i.e., budget allocations devoted to HIV testing services) or social interconnectedness (i.e., institutions and organizations pro-moting HIV testing among high-risk populations) that impact attitudes toward and access to HIV testing (Des Jarlais, Arasteh, & Friedman, 2011; Latkin et al., 2010) . In contrast to prior reports, relatively high educational attainment (i.e., having a high school degree or higher), was one of the strongest correlates of having received an HIV test within the past 12 months among NIDUs in the present study. According to Andersen's Behavioral Model of Health Services Use, educational attainment is characterized as a predisposing factor that can shape attitudes toward service use as well as enabling and need factors (Andersen, 1995) . Although this protective association has not always been demonstrated in prior studies among IDUs (Brown, O'Grady, Farrell, Flechner, & Nurco, 2001; Tobin et al., 2004) , it is plausible that formal education can operate to increase knowledge and awareness of safe behaviors, to act on health information received, access, and utilize health services (Hasnain, Levy, Mensah, & Sinacore, 2007) . The findings from this study about educational attainment more importantly suggest the vulnerability of those who are most disadvantaged as a result of lower socioeconomic position.
The results from the few studies that have investigated the relationship between a history of positive STI and having ever been tested for HIV or (Samet et al., 1999) . Similar findings were revealed in another study evaluating factors associated with recent HIV testing among young MSMs (MacKellar et al., 2006) . However, a significant relationship between recent HIV testing and prior positive STI was not observed in a study with a sample of IDUs (Tobin et al., 2004) . In the present study, prior positive STI test was associated with a decreased likelihood of recent HIV test. The differences in findings may be related, in part, to differences in the populations sampled and the capability of various STI screening services to reach specific risk groups. STIs such as herpes simplex virus 2 may increase the transmission or acquisition of HIV.
Ensuring that individuals who have had a prior STI are engaged in effective counseling which sensitizes one to the heightened risk of HIV, encourages reductions in sexual risk behaviors, and promotes seeking treatment for the STI may influence HIV testing patterns and impact HIV transmission. Our finding, having a source of informational support, specifically information about health and medical services, was associated with HIV testing parallels results from studies demonstrating the role of social networks influencing voluntary HIV testing. One study showed that interactions with an HIV prevention outreach worker were associated with a greater likelihood of having a recent HIV test among IDUs (Tobin et al., 2004) . Social interconnectedness with individuals and resources who provide referrals and information regarding HIV testing can influence HIV prevention behaviors (Downing et al., 2001; Latkin et al., 2010) . However, we did not find an association between HIV testing and relational or structural high-risk social ties (e.g., number of IDUs or IDU sexual partners in one's social network). Although having an IDU network may play a vital role in the risk of HIV transmission or engaging in high-risk sexual behaviors (Pilowsky et al., 2007) , it may not negatively affect the decision-making process for seeking an HIV test.
Several limitations should be considered. First, the cross-sectional study design precludes us from drawing inferences regarding temporality. Second, although our sample does not reflect the target population, RDS was used in conjunction with TSO to increase efficiency in acquiring a substantial sample for follow-up. Our earlier work suggests that while there is some uncertainty of whether all RDS assumptions were met (Rudolph et al., 2011) , the distribution of key characteristics is fairly similar to another study using RDS to recruit NIDUs in NYC (Des Jarlais et al., 2007) . Further, an association between recruitment method and study outcome was not observed. Third, as a result of the multiple comparisons tested, we run the risk of inflating type I error and significant results should be considered with caution. Last, the analysis relies on self-reports of injection status and HIV testing. Over-reporting of HIV testing history and under-reporting of injection drug use are plausible and may have influenced our estimates. However, reliable and valid reporting of HIV testing history and infection status among IDUs and crack/cocaine smokers has been documented (Fisher, Reynolds, Jaffe, & Johnson, 2007) . HIV prevalence and frequency of testing estimates are generally comparable with previous reports of HIV testing among drug users in NYC, but may not be generalizable to other cities. Although the results provide a strong indication that NIDUs were tested for HIV, our study did not assess repeat testing within a specific time period. Despite these limitations, to our knowledge, this is the first study to examine the relationship between HIV testing and social network characteristics, an important first step toward elucidating patterns of HIV testing among NIDUs.
These data suggest that there may be different factors influencing HIV testing patterns between IDUs and NIDUs and underscore the need for additional research and prevention strategies specifically targeting NIDUs. The efforts to increase HIV testing among this population must not only consider individual-level factors but social support networks and more HIV testing opportunities across various venues that reach NIDUs. Connecting people with organizations and agencies where there is integrated information available about health, social services, and drug treatment may facilitate frequent and regular HIV testing when offered in these settings. Additionally, peer-driven interventions targeting both IDUs and NIDUs provide another opportunity where information about HIV testing could be encouraged and disseminated. Current national policy recommends that NIDUs are tested annually for HIV (Branson et al., 2006) . Although, HIV testing alone is insufficient to diminish risky sexual behaviors or decrease the transmission of HIV (Ziek, Goldstein, Beardsley, Deren, & Tortu, 2000) , identifying salient factors that impede or promote HIV testing is an imperative step toward developing a comprehensive HIV prevention strategy among high-risk vulnerable populations. 236 K. White et al.
